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Memorandum, ... coumission
From the office of goCcKET CONTROL
Commissioner Bob Burns :

Arizona Corporation Commission
1200 W. WASHINGTON

PHOENIX, ARIZONA .
(602) 542-3682 Al
TO: Docket Control SOV 8 7S
gyﬁr";l?kr}r'z:;"i' * Id vé,",rl
DATE: November 6, 2015 ‘i SgEs
FROM: Commissioner Bob Burns R

SUBJECT: Emerging Technologies in Energy, Docket No. E-00000J-13-0375

The agenda and presentations from the October 29, 2015 Emerging Technologies Workshop
have been docketed. If for some reason you cannot access eDocket, please contact my
Executive Aide, Jessica Perry, to receive copies of the presentations.

Original memo, agenda and presentations
and thirteen (13) copies of

the memo filed this 6™ day of
November, 2015, with:

Docket Control

Arizona Corporation Commission
1200 West Washington Street
Phoenix, Arizona 85007




Copies of the memo mailed
this 6 day of November, 2015, to:

Service List




REVISEDNOTICE
SPECIAL OPEN MEETING
OF THE ARIZONA CORPORATION COMMISSION

Commission Workshop on Emerging Technologies
Docket No. E-00000J-13-0375

DATE: Thursday, October 29, 2015 START TIME: 1:00 p.m.

Arizona Corporation Commission
Hearing Room One
1200 W. Washington Street
Phoenix, Arizona 85007

This shall serve as notice of a special open meeting of the Arizona Corporation
Commission at the above location for consideration, discussion, and possible vote of
the items on the following agenda and other matters related thereto. Please be

advised that the Commissioners may use this open meeting to ask questions about
the matters on the agenda; therefore, the parties to the matters to be discussed or
their legal representatives are requested, though not required, to attend. The
Commissioners may move to executive session, which will not be open to the public,
for the purpose of legal advice pursuant to A.R.S. §§ 38-431.03.A.2, 3 and/or 4 on
the matters noticed herein. The Commissioners may also move to executive
session, which will not be open to the public, for other purposes specified in A.R.S.
§§ 38-431.03, including discussions, consultations or considerations of Commission
personnel and salary matters, on matters noticed herein.

The Arizona Corporation Commission does not discriminate on the basis of
disability in admission to its public meetings. Persons with a disability may request
a reasonable accommodation, such as a sign language interpreter, as well as request
this document in an alternative format, by contacting Shaylin A. Bernal, phone
number (602) 542-3931, E-mail sabernal@azcc.gov. Requests should be made as
early as possible to allow time to arrange the accommodations.

Jodi Jerich
Executive Director

Agenda

Welcome & Opening Remarks

Presentations:

1.

NuScale Power
Mike McGough, Chief Commerical Officer
“NuScale Power Small Modular Reactors, The Future of Nuclear Energy”

Dominion Resources, Inc.
Maria Seidler, Director of Policy and Grant, Alternative Energy Solutions
“Distribution’s Triple Threat and Voltage Optimization- a Technology Primer”
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3. Wirtsila North America, Inc.
Joe Ferrari, Market Development Analyst
“Flexibility in Resource Planning”

4. EPIS, Inc.
Ben Thompson, CEO
“Solid Decision-Making Amid Major Change: How Software Modeling Helps
Utility Planners”

5. Southwest Energy Efficiency Project
Dr. Will Toor, Transporation Program Director
“Leading Utility Initiatives to Support Electric Vehicle Adoption”

6. ACEEE
Dr. Dan York, Utilities, State, and Local Policy Program Fellow
“New Horizons for Energy Efficiency”

Wrap-Up & Closing Remarks




NuScale Power
Small Modular Reactors
The Future of Nuclear Energy

Presentation to
_Arizona Corporation Commission
‘Mike McGough
- Chief Commercial Officer
Phoenix, AZ
* October 29th, 2015
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AN

ECONVODERNIST

MANIFESTO

“Urbanization, aquaculture, agricultural intensification, nuclear
power, and desalination are all processes with a demonstrated
potential to reduce human demands on the environment, allowing
more room for non-human species.”

“Transitioning to a world powered by zero-carbon energy sources will
require energy technologies that are power dense and capable of
scaling to many tens of terawatts to power a growing human

economy.”
- An Ecomodernist Manifeste
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MANIFESTO

“Nuclear fission today represents the only present-day zero-carbon
technology with the demonstrated ability to meet most, if not all, of
the energy demands of a modern economy.

A new generation of nuclear technologies that are safer and cheaper
will likely be necessary for nuclear energy to meet its full potential as
a critical climate mitigation technology.”

- An Ecomodernist Manifesto
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NuScale History/Background
Technology Overview

Safety Attributes

Testing Programs

Licensing Status

The MarketPlace, Deployment Plan
UAMPS Carbon Free Power Project
What other states are doing

Is there a Potential SMR project in Arizona?
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Simple

»  Factory-built containment

Modular constructability

Fewer systems to construct and maintain
Load following

Y V V

Safe

>  Indefinite cooling in station
blackout

»  Unprecedented nuclear safety

» Fewer safety-related systems

Economic
» < $3B EPC cost for FOAK
570MWe (net) plant

(~$2.5B cost for NOAK)
» LCOE below $100/MW
» Scalable

Nonpropristary 3 . NUSCALE
® 2015 NuScale Power, LLC % POWER"

NuScale first of current US SMRs to begin
design of commercial NPP.

= NuScale technology in development and
design since 2000 (DOE) MASLWR program,
with INL, lessons from AP600/1000 Y4-scale
testing facility built and operational

s Electrically-heated 1/3-scale Integral test
facility first operational in 2003

= Began NRC design certification (DC) pre-
application project in April 2008

= Acquired by Fluor in October 2011 ]

= >600 people currently on project, ~$350MM __ Onetird sl Tos Foolty
spent project life-to-date ($12MM/mo) ; '

« 200+ patents pending/granted, 19 countries

= Portland, Corvallis, Rockville, Charlotte,
Richland, London

» US DOE SMR Awardee, 12/12/13, $217MM ncSeate Conteol Room, Sizleter
6 Nonproprietary 8 NUSCALE
© 2015 NuScale Power, LLC @ POWER"




i i @j

=A NuScale Power Module (NPM) includes the reactor vessel, steam
generators, pressurizer and containmentin an integral package that
eliminates reactor coolant pumps and large bore piping (no LB-LOCA)

*Each NPM is 50 MWe and factory built for easy transport and
installation

*Each NPM has its own skid-mounted steam turbine-generator and
condenser

= Each NPM is installed
below-grade in a
seismically robust,
steel-lined, concrete
pool

* NPMs can be
incrementally added to
match load growth - up
to 12 NPMs for 600
MWe gross (~570 net)
total output

2% NUSCALE
i POWER’

Comparison size envelope of new nuclear plants currentty
under construction in the United States Typical Pressurized Water Reactor

126 NuScale Power Modtiles

NuScate's combined
containment vessel
and reactor system
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Convection - energy from the
nuclear reaction heats the primary
reactor coolant causing it to rise by
convection and natural buoyancy
through the riser, much like a
chimney effect

Gravity - colder (denser) primary
coolant “falls” to bottom of reactor
pressure vessel, cycle continues

Conduction ~ heat is ferred
through the walls of the tubes in the
steam generator, heating the water
(secondary coolant) inside them to turn
it to steam. Primary water cools.

: : NUSCALE
St POWER"
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Systems and Components Needed to Protect the Core:

= Reactor Pressure Vessel v Auxiliary Feedwater System

= Containment Vessel «  Emergency Service Waler System

* Reactor Coolant System v Hydrogen Recombiner or lgnition
Sysiem

= Decay Heat Removal System

= Emergency Core Cooling System
= Control Rod Drive System

= Containment Isolation System

= Ultimate Heat Sink

» Residual Heat Removal System
«  Safely Injection System

»  Refueling Water Storage Tank

*  Condensate Storage Tank

Containment Spray System
*  Reacior Coolant Pumps
Safety Related Electrical
Distribution Systems
Alternative Off-sile Power
Emergency Diesel Generators
Safety Related 1E Bailery System
»  Anticipaled Transient without
Scram (ATWS) System

24 NUSCALE
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= NuScale design has achieved the “Triple Crown”
for nuclear plant safety. The plant can safely
shut-down and self-cool, indefinitely, with:

= No Operator Action
= No AC or DC Power
= No Additional Water

»  Safety valves align in their safest configuration
on loss of all plant power.

= Details of the Alternate System Fail-safe concept
were presented to the NRC in December 2012.

4% NUSCALE
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— NRC Goal (new reactors)

10°

Source: NRC White Paper, D, Dube; basis for discussion at 2/18/09 public
meating on implementation of risk matrices for new nuclear reactors

10%
107 [
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Operating Operating New LWRs New PWRs NuScale
PWRs BWRs {active} {passive)

15 Nonproprietary
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Conventional Designs
1. Fuel Pellet and Cladding
2. Reactor Vessel

3. Containment

NuScale’s Additional Barriers

4. Water in Reactor Pool

5. Stainless Steel Lined Concrete Reactor Pool
6. Biological Shield Covers Each Reactor

7. Reactor Building
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NuScale Reactor Qualification Test Plan outlines Design Certification and First Of A Kind
Engineering (FOAKE) projects for reactor safety code development, validation, reactor design
and technology maturation to reduce First Of A Kind (FOAK) design risk.

4 NuScale Testing and Code Development Sucesses
] Code Yhocmat-yslraulic M
o [ D)

I Vadurion Tosting
o Testing

y e v o

|
.
4
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« Successful fabrication and installation of our
full-length helical coil steam generator test
section:

+ Safely transported from the fabrication
shop to SIET labs, then installed by
crane into the test vessel at SIET.

+ 252 full-length helical coil tubes will be
tested (~650 tubes per steam generator in
an actual NPM)

« Testing in the full length tube bundle will be
conducted at prototypic fluid temperatures,
pressures and flow rates to measure the
steam generator’s thermal performance.
The data will be used to validate our state-
of-the-art computer codes and help vendors
optimize the performance of their steam
turbines for a NuScale application. Flow
induced vibration testing will also be
performed as part of the assessment.

21

4% NUSCALE
W POWER

22 Nonproprietary
© 2015 NuScale Power, LLC

24 NUSCALE
W POWER

11




11/6/2015

Licensing Plan and Status

23 Nonproprietary 29 NUSCALE
© 2015 NuScale Power, LLC 8 POWER"

NRC Regulatory Information Summary (RIS) is for
budgeting, staffing and planning purposes

= Joint response by NuScale and UAMPS submitted on
June 17, 2015

» DCA submittal no later than 12/31/2016

= UAMPS COLA submittal by 4Q-2017 or 1Q-2018
* COLA to reference DCA for up to 12 modules

= COL site in Idaho including INL

» Plan to establish Design Centered Working Group
(DCWG)

» Key NuScale vendors and consultants identified
UAMPS teaming agreement with ENW identified

24 Nonproprietary 23%. NUSCALE
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= NuScale has:

» Made 48 NRC presentations

* Planned 45 additional engagements

» Planned to submit 17 additional topicals

= Meets weekly with NRC NRO to review plan and schedule
= 15 meetings held since 4/21

» 4 multi-day NRC team visits to NuScale before Halloween,
scope includes NRO management, NRC QA and Projects,
NRC HFE, and ACRS tours of NIST, Simulator and Upper
Moduie Mock-up

25 Nonproprietary ; : NUSCALE
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The Marketplace

26 Nonproprietary B . NUSCALE
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FACT SHEET: Reducing Greenhouse Gas Emissions in the Federal Government and
Across the Supply Chain

40% cut in CO2 emissions across Government agencies
30% of energy must come from “alternative technologies” which include SMR’s

Sec. 3. Sustainability Goals for Agencies. In implementing the policy set forth in section 1 of
this order and to achieve the goals of section 2 of this order, the head of each agency shall,
where life-cycle cost-effective, beginning in fiscal year 2016, unless otherwise specified:

(e) include in the alternative energy portion of the clean energy target established in
subsection (b) of this section alternative energy as defined in section 19(c) of this order and
associated with the following actions, where feasible:

(i) installing thermal renewable energy on site at Federal facilities and retaining corresponding
renewable attributes or obtaining equal value replacement RECs where applicable;

(i) installing combined heat and power processes on site at Federal facilities;

(i) installing fuel cell energy systems on site at Federal facilities;

(iv) utilizing energy from new small modular nuclear reactor technologies;

(v), (vi), (vii)
https://www.whitehouse.gov/the-press-office/2015/03/19/executive-order-planning-federal-
sustainability-next-decade

28
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« Western Initiative for WIN | s et
Nuclear (WIN) is a =
multi-western state
collaboration to
deploy a series of
NuScale Power
Projects

O e

© B

¢ Involved Program
WIN participants:
NuScale, UAMPS,
Energy Northwest, ID,
UT, OR, WA, WY, AZ,
NM, MT?

29
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Utah Associated Municipal PROGRAM

Power Systems (UAMPS) WI N I Western Initiative for Nuclear
Carbon Free Power Project

(CFPP) will be first NORTIWEST

DOE'S INL SITE

deployment, sited 8
somewhere in Idaho.

UAMPS consists of 46 :
members serving load in 8 £ NUSCALE
‘i POWER"

western states. T LAMPS

© NuScae Powsr 1LC AR Rugets Ressrved

30
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[(2014 | 2015 T 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Define Team Members
. and structure Develop Business Mode) Onboard Partners
Project
Development Site Use Agreements
{see detail)
Site Selection
Reference Start Finalized Complete Final
Design & Plant Design Plant Design PIantPesign
Engineering w
Draft DSRS Submit DCA NRC Issue DC
Final DSRS
Licensing Start COLA Submit COLA NRC Issue COL
Site Characterization el
Site Prep & 1st Safety 1 Fuel
. Mobilization Concrete Pour load
Construction
and Order Start Module Deliver Deliver
. . Modules Fabrication Module 1 Module 12
Fabrication o
”
Start Operational Operator Training Complete Operational
Readiness Program Program Accreditation Readiness Program
Operations
Module 1 Module 12
cob coD
31 Nonproprietary 43 NUSCALE
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= Western Initiative for Nuclear

= |[daho—LINE Commission, first SMR project

» Washington—State SMR study, siting, EcDey, Bilis

= Oregon—ABills

= Utah—Nuclear is on same level as other non-carbon generation
* Wyoming—4 phases of study, state legislature funding

= New Mexico—State Energy plan, pre-feasibility for SMR
deployment

» Arizona—SRP, APS on NuScale Advisory Board

28 NUSCALE
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Missouri SMR bills and push for EcDev
Tennessee--TVA

South Carolina

Ohio

Virginia

Kentucky—new legislation
Wisconsin—new legislation

33
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Nuclear Energy already plays an important role here
Growing state population and economy
Reducing dependency on carbon-based generation

Need to avoid disproportionately high dependence on
natural gas

Needed carbon-free baseload to back intermittent
generating sources (wind, solar}—NuFollow™

A Small Modular Reactor project could fit well within the
needs of Arizona for baseload carbon-free generation in
the middie 20”s

34
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= Establishes Arizona as key player in SMR deployment

» Shares generic costs with NuScale projects, both within
WIN family and elsewhere worldwide

» Project will create ~1000 construction jobs at peak, for
duration of 2-3 years

s Indirect economic benefits and associated job multipliers

» Full-time plant employment ~360 at average salaries
$85K

= |ndirect economic benefits

= Establishes Arizona as potential desired location for
NuScale supply chain members

» Helps Arizona meet carbon reduction targets

35 Nonproprietary i - NUSCALE
©2015 NuScale Power, LLC ‘S POWER"

= Need a committed owner/buyer — will ultimately drive site
selection decision for first project (SRP/APS have done
preliminary site analyses ~3 years ago), Continue to monitor
NuScale development via NuScale Advisory Board

» Project will need to demonstrate sufficient need for/use of
generated power

= State may wish to consider doing economic impact study
(ASU, U of A?)

= Suitable plant economics/investment profile (e.g. long-term
PPA’s)

» Favorable/supportive local and state permitting and approval
processes

= Economic development incentives (ITC, PTC?)
»_Sufficient capable facility workforce and community interest

. Nonproprietary . NUSCALE
© 2015 NuScale Power, LLC W POWER"
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Additional Applications for
NuScale Power Modules

3 :NuScaLE
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Hydrogen
Production

Desatination Oil Refineries

* SAFE
* SMALL
* SCALABLE
* FLEXIBLE
* RELIABLE
38 Nonpropristary 2% NUSCALE
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0Oil Refineries Study - Reduction of Hydrogen Production Study — High-
Carbon Emissions Temperature Steam Electrolysis
{Fluor and NuScale) (INL and NuScale)

6-Module Piant for Emission Free
Hydrogen Production

10-Moduie Plant coupled to a
250,000 barrels/d refinery

Desalination Study — Sized for the
Carisbad Site
(Aquatech and NuScale)

Integration with Wind Study -
Horse Butte Site
(UAMPS, ENW and NuScale)

1-Module dedicated to UAMPS
57.6 MW wind farm

8-Module Plant can produce 50 Mgal/d
{190K m3/d) of clean water plus 350 MWe

39 Nonproprietary i - NUSCALE
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D/A/DAVIDSON

“Small Reactors a
Potentially Disruptive
Power Technology —
NuScale Investment Offers
Possible Long-term
Growth”

“NuScale appears to have the
leading SMR technology and
best financial support from the
private sector and public
agencies to commercialize
the technology.”

- John B. Rogers, CFA. (2015)

CREDIT SUISSE\

“SMRs make sense given
increasing carbon legislation, the
expense and lack of reliability tied
to renewables and potentially
lower cost / scalability tied to
building an SMR plant.”

“industry experts believe SMR’s
have the potential to be a $400B
opportunity over the longer term.
NuScale is really the only viable
SMR in town given BWXT's cut in
spend / lack of focus more
recently.”

- Jaime Cook, CFA (2015)

COWEN

AND COMPANY

“NuScale is the leading technology
for development and commercial
application of small modular reactor
(SMR) technology.”

- Daniet W. Scott (2015)

William Blair

“NuScale has become the ciear leader
in the U.S. in developing a small
modular nuclear reactor (SMR),
following BWX Technologies’ decision
in 2014 to wind down spending on its
mPower SMR development program.”

- Chase Jacobson , CFA (2015)

42
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JPMorgan

“We came away impressed with the
progress NuScale and FLR have
made in development of the Small
Modular Reactor (SMR) technology
and an enormous market potential
of this technology if adapted.”

“NuScale stands as the closest
commercially viable SMR
technology on the market today.”

- Joffrey Y. Yolshteyn {2015)

Bankof America @
Merrill Lynch

“SMR offers a scalable nuciear power
gen model”

- Anna Kaminskaya, CFA {2015)

. SECURITIES

“Key takeaways were (1)
NuScale development remains on
schedule to submit design
certification application to NRC
(US Nuclear Regulatory
Commissions) by the end of 2016
and for its first facility to go online
2023; (2) one of only a handful of
SMR’s being developed globally,
NuScale is the furthest along in
development and poised to
benefit from first mover
advantage in a potential $400B
opportunity in 2025-2035;”

- Justin Ward (2015)

CANACCORE Genuity

“NuScale’s SMR has the potential to
be a disruptive technology.”

“NuScale’s p ial addri

market is huge. In a Dec. 2014 report,
the National Nuclear Laboratory, a UK
state body, pegged the size of the
potential global SMR market at 65-
85GW of instalfled capacity by 2035,
with a market value of £250-£400bn.
Fluor would have exclusive EPC rights
to NuScale’s share of this market.”

- Yuri Lynk (2015)

43
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“This material is based upon work supported by the Department of Energy
under Award Number DE-NE0000633."

“This report was prepared as an account of work sponsored by an agency
of the United States (U.S.) Government. Neither the U.S. Government nor
any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the U.S. Government or any agency
thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the U.S. Government or any agency

thereof.”

44

Nonproprietary
© 2015 NuScale Power, LLC

q - NUSCALE

B ‘ POWER"

11/6/2015

22




Mike McGough
Chief Commercial Officer

MMcGough@nuscalepower.com

www.nuscalepower.com

The Element of Nu

@ NUSCALE
5&F POWER"
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DVI - voltage Optimization: A Technology Primer
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DVI - Voltage Optimization: A Technology Primer

s3uinps ASi1aud %¢ - %E = OA

gﬁaawﬂ n@h vo%uwz 2303107 nwu:vum vm..wfnﬁw

il °6evon powoiy
winwuW

abejjon
[eutwionN
3jes OA

Y,HH%#“

‘ uibuew Aypqeries
UMM [9A2] OA-UON
- abejjon pamojje

winwipxew
A9CT

‘s3ulaes YA %T°| 03 9° = doap ade3joa |

3)seAA 03 Suion) A34aug ues pinoD

A3ojouyda] pLIS) WS 3|qE|IeAy jo dFeIueApY Bupfe] 30N

i
@
£
=
o
—
)
)
<)
c
-
3
A
<
c
=)
=
<
s
£
=
=%
(@]
)
oo
]
e
5]
>
I
>
0

‘sporiad >ead |edntid 03 asuodsau ul pasn Ajesaual uaaq aaey swieadoud (YAD) uondnpay 28e1|0A uoneAISSUOD)

‘UOIBAIRSUOD A342UD J0) 93€1|OA DDNPAJ PINOM S10143d0 JUBLIEM SUOBIPUOD PLIS JIBYAA

A80L 10}
paubisep Ajjeatdly —
$9JAAP JBWINSUOD

—

Spiepuels SNV

uopdwnsuo)) acue)jddyy Jawoisny)
pue 4939 943 38 AIsAlja( uopnquasi(] usamiag deo) aBeljop

‘ Be}jon pamolly
wnwiuw

abejjon
leujwon
sajeys pajun

uibsew Ayjiqeljes

é apinroud o} abejjon

Jawoisno jesdA}

A abBejjon pamoje

wnwixew




r
[}
£
=
a
>
oo
)
o
c
=4
o
@
<
=
o
=
o
N
=
=
2
(w)
()
o7}
T
=
o
>
1
>
et

panaiyoe a.e sbuines Abisus pajoadxe uUuod o
Sjepl|eA y aseyd O
ueid
HAD a3 Juswajdwi pue auibus YAD 9yl 9jgeus

¥AD
10} Spjoysaiy} xew/uiw ajeudoidde ay) ysiqelss -

(sxeam p) abeue :¢ aseyd 0O
sJRjeW Jayamifaq [efiul ay) Auspl .
sBuines ABiaus pajoadxe abelane ay} sulwusiap .

sonss|
Aue Auapi pue Jinou Jo siskjeue abejjon wiopad .

ue|d iz 8seyd O

JIN2JID BUO YIM LBIS  «

Bjep [BOUOJSIY J08|0D ‘SHNVUD djepipued Ajjusp| .
uopebisanu| i aseyd 0

uoljesiysanu|

ajeplien

uoneziwpdQ 88wjop 03 seseyd juswhojdeQ

“
L]
£
i
o
>
oo
A
[}
=
-
3
2
<
c
(=)
=i
w
N
e
=
o
(e}
(]
oo
©
>
]
=
1
!
o

1aker Kdojouypay Aianyaq Adau3 upap

s Asewiud se jom & ¢ 4 4 i } m a" q
se A1epuodas uo ade3joa Sunpau Aq suiaes A313ua s3qnop « %oo % %v ap%b %9&%% /e/co a%»
pue ‘s3uiaes A343ud D |V /XpT 10} UOBIND YAD SPUIIXD » m@ &% %,...ao %4 o% & a»»/ .v«/.
thousiiseu plB J93eau8 o} //o% ....% cqom o v %»o ,e%
SUOREOIA 23e3|0A PaJSBII-YAD 2|qissod ploAe 03 SUOIpUOd %oo ﬁv & W ooe oom..
a3e3j0A [enpiApul 03 asuodsau euonetado suarioys . W ¥ c o0
+3uuueld pue suonesado . ee,,.ve
plig uj pajeadajul 2q 03 UoREWLIOJI IZLIOA JIUWIOISND SMO||B « - o%
JeY) UOZ peap Ay $393.1400 AS0jouyd31 OA Po|qRUR-|LY 3
Rk Aianpq 3|
& TR 4 "o xm ,m oou c ‘fenuazod sBuiaes A31aus Suniwy
,%%o V%%o %o %@ & e%o /.v,o %o» pue uiiew A3|iqelj24 INOYIM UOIIE|OIA 35I|0A
o%op o o%a ,o%; p e«,e O >iSiJ B SI2WOISND [enplAIpUl BulABd| ‘QUOZ peap
%u. %@ & o %% ¥ a3 4o apis AJewiid BY3 UO PRIIRY|0D UOHEWIOHUI
r v@% Kw o a% 98e3|0A UO £j24 ISNW YAD SNY | 'SJJdW SIAWOISND
K 03 ssaj3we.ed uoneIsqns ay3 wodj pls ayl
oo%e. JO S3IIEPUNOQ JIINO Y UO SISIXd APUBILIND , 3UOZ

IL PESP,, UCIBWLIOJU| PUEB UOREDIUNWWIOD ANIGISIA VY
\

8uoz Peag

HYOMINVHL ADOTONHIIL NOLLNGIRILSIA INIFHAND

juswaseuey, a8e)|0) 497399 40} BUOZ pEa(] uonnquIsiq ay3 Suirjog
:A3ojouyda) OAPHD ews s3DA3




=
Q
£
=
o
>
on
o
[}
c
=
2
=
<
c
=]
£
"
N
€
=
Q.
e}
@
an
ol
=
o
>
1
>
o

(%7 30 wnuixew AjjeaidA) sduines
A315ud uo aaissai38e se aq Jouue) .
Aupiqisia Azepuodas 19PON WdSAS uoiIngilsiq
JO %2e| 01 3np anss| Ajajes [BIUY0d .
safe}joa AIEpu0dds JOHUOW JOU S0
SedejueApEsiq

(s1939N Lews) |y aainbas Jou saoq .
Sagejuenpy

I2PON YQVIS 10 SWA

OAAP3seg [5pojy :puncuioed YAD/OAA

w
53
£
o
a
>
a5
°
[}
c
£
(=)
@
<
c
(=}
2
[
R
£
£
=3
@]
I
a0
]
E~4
3]
>
]
>
Q

Suiuueld A2ua101yy5 puB oul oeqPIDY SIPINOLY A

HOLVArIVA
SPoYIBW |edyIsIIels PalepljeA Y41 sadelanan A ...
UOI1EPI[EA CUI SIILIOUOID PUEB JBY1EIM STleIFaIU| A Du

s8uines puewsp pue AS1aud |en)oe sainseajy »

*SuIDaf 3 App Asoay
"sudisit i App Liaay

Nva

4

uaWaeuew 1N AQ UNIID BPIAGId 4

SSUIAeS B|QRUIBISNS BABIYDY A 195 J91BW J3YIIM||3q |eIIUI SIJRIBUID A

sa8ueyd pus 01 Ajlesiweudp puodsay 4 $59204d JuaWaAcsdwWI SNONUIUOD € SIYqeu] A
JuBWaAINSEIW 3BLYOA JFWOISNI SASN A SI1B1AN0 D8E}{OA PUE SJ0LID JO) SYIBYD A
uoieziwndo 38e)0A SWi-|edl IPIN0Id lenuajod sgulaes ojul Jyisul sepInoid A

a3 a3

W) joof Buiziusapoyy SIAQ




-
@
£
o
>
)
°
°©
c
<
b
&
<
<
5}
2
©
B
£
=
=3
o]
o
o0
©
=
S
>
|
P
[a]

sayoeosdde Jayio snSIaA [eijudlod sSumes wnuixew
ade|d ul Apead(e S [V JI SAIIIYD 1500 Apwaipg .
SJI2WOISND [[e e 2SeI[OA JO AUYIQISIA 1094

EIMUTADY
S4910 HEWS SIdRJUeAPY
SIN2N MBwg SIJEN oW
PP S19jo Yewg
[ e e RN S oy Y0 S - I ==y T
e BN 2RO
suswainseshy N L
ebeyop N sjuswsINgeaN o
Bayo,
aojeInboy ebeu >,
afejjop
PR
¥ b
dey pro
uoneisqng

:

ey 1

104400 .
N v

, _
~I>  washg josuod OA

_c‘_—r\eo
i

D |

y}aeqpasd adeloA INY
iaylam|jag siweuAqg

OAAPastg 4333} 3B :puncdieg YAD/OAA

-
)
E
=
o
>
o
L
=]
c
=
<
=
<<
c
[o]
=
©
Ea
€
>
Q.
o}
L
Lo
©
=
o
>
I
>
[a)

sSuiaes ASIaud uo aAlssasSTe se aq Jouue) .

AM|IqisiA AJepuodas jo yoe| 0) anp anssi A1ajes [enusiod o
s98e3|0A AJepuodas JOMUOW JOU SR0G

5105Uas 39e3j0A 0} 3iedIUNWWOd pue Aojdap 03 AjIsoy  «
SageIueApeEsiq

ssolop 23119913
simewomoed
10N 30013
. SIRJO U0

PUTIETRETE]

ssebueyd
de] peo
ul qng
108098 A —
aBeyoA s Tl <-.
N ~~ \ A
_ﬂ o Em..r&:muwi 105020 ;
\ N >
" o400 sbeyon ) -
" ~usweinseon Ny N waishs jo1u0D OA longion
oBEOA ~ - . _ N T3 '
el RET TN ) .
Seeeeeenl  IInznnn BT --
i)

OAAPeseg Josusg Auewiig :puncudioeg YAD/OAA




vl

uone|jejsul Jejos ay) je jsnf jou ‘sawoy Buuogqybiau e 1nado Aew suone|oin abe}joA SJoN ,

Technology Primer

uIwgT ~ s3uinas
13U9AU| lepdn

Anep - s8umag
JaudAU| 3|NPaYIS

s8umas 28eyon
Atewnd jo13uo0)

apo
SunesadQ 193j9s

Ay
28e)joA aulwidlRg

sindinQ
Jazijiqeis

{
{
i
{
{
|
|
i
i

..oceez»é&.o@@.@a.v
& S ooae%oe%oeoo & & F
%%%%%%%%«%%u%%%

(124

sgumes
JEMETN]

sa8eljon 3
1ndinQ JaM3AU|
sade|on INY

S3INpPayds
98es015

15893104
1ayleam

sinduj

122111835

juawdinba Jawojsno Buibewep pue — ,sjuswalinbai abe}joA sjawo)sno
Buigejoln Jnoyum uonesjsuad Jejog pasealoul SMo|je J9zl|ige}s

J9zijiqe3s 39303 s,INd

*Ajuo spnoud ATBWNd U0 OAA Pesn [4d3

" ErrTnprpr—r——"ry

"UORGIONA i SOUUSS [y
UOGRIOMA i SOUBURSS %505
uogeIOn IS}

Uogeow Y SOuRuss fy|

chnology Primer

uogeIow 18|

| - Voltage Optim

(nd) 86mj0p, J8pea 4 WnuIXeR

(nd) sebejjon Jepees wnwixen

#3IA 2e $YANO2IS 31

smenon ewon

ALITILVIOA 3DVLIOA

alow Jo xZ Aq Ayoeded Buysoy
S)IN0ID B 8sBaIoul UBD QAN A

Jejos pajnqiysip
aJow Joj SYNDIID Sazi|iqels OAA ~

SSOIYSA L0337~
abelo}g -
uoljelauab Jejos paynquysiq -
:Aq pasned
sbuims peo) abeuew sdjay QAN £

uonnjog &s_o>58
© yasessay (OAA) uonezILRdO YVA-HOA NI



4
[+F]
£
e
(=9
>
oD
2
[=]
{ et
ot
o
4
<
I
o
=
]
o
E
=
fo
O
(]
oo
ol
=
(=]
>
I
>
o

suoissnasi(] g suonsand

=
%
=
=
[~ %
>
oo
=
o
c
W
o
e
<<
=
o
=
©
]
€
=
o
(©)
()
Bo
©
=
(=]
>
1
>
o

uoibay JSemMIN0S 8y ul sjoslosd HAD o) [00L UOgEIYHUEND SUOISSIWT S TNNC Aq pejessush sydeio

921'5Z (MW) Peo1 peyipo-1oefoid 3O Heed
£€2'SZ (M) peo pegipowiun JO Yeed

SeA :8es80] eu)|
uoissiwsuel) o} seBueyd epnjou]

€ (%) uononpey peo YAD
€ uoibey :uoiBey ¥AD

€62 :(MW) peo
wejsAg wnuwixep josfoid-eid

1semyInos Jnejeq :ejyoid peo Joefoid-eid

jsemyjnos :uoiBey sishjeuy

TewL, J0 NOH
0948 otog o0f 0489 ores 04 18ty 1690 1262 16iz iori (173 i
000%
00001 (509)
00051 w03
00002
70D PELIPOW $A 70D 1euiBLO
oo 10 Ton
o9e 0108 008L 045y ores ohs 08ty 0591 06T 061Z oovi otL ]
0005
00004
00051 (mw)
onisen W 00007 PEO
P 00052
0000¢

PROT PaYIPOW 5A PeOT 1RUIBLO

".(4AD) uononpau abejjoa uoneaIdSUOD

SU0} 0SL'OLT'OE  SUO} /66'TI0'EE

YMI/AI TEO'T UMW/Al ELTT

jeug w3

paseq —ssen se yons “4asn-pua ay} je asn A3io113o9[d
8onpau Jey) sainseaw QgL pue
soss0] [eull] 8onpaJ 0} = *pasn 8q Aew asn
AyoLpoaje 8onpad Jojpue waisAs el 8y}

paseg — a1y

40 Aousiolye a8y} anoidwi jey) seinsesfp],

:9|ny |euld ue|d Jamod uea3)) vd3

[enus3og ddueldwod) ddd YAD/OA




Flexibility in Resource Planning

Joe Ferrari
Arizona Corporation Commission Workshop
October 29, 2015

Renewable Portfolio Standard Policies

www.dsireusa.org / June 2015

29 States + washington

- » U.S. Territories i \ DC + 3 territories have a
H:100% x 2045 [RGEENESEN v 2s%x205 '  Renewable Portfolio
I (s Standard
(8 states and 1 territories have
renewable portfolio goals)

. Renewable portfolio standard % £yira credit for solar or customer-sited renewables
D Renewable portfolio goal 1‘ Includes non-renewable alternative resources

2 ©Wantsila WARTSILA




NERC REGIONS

Generation (GW)

GTCC deep turndown, cycling A A W Wam Nk N W0 Wk Aol

Coal cycling

Figure ES-7 of United States National Renewable Energy Laboratory (NREL)
Western Wind and Solar Integration Study Phase 2. TEPPC Scenario for a
3 © Wartsia week in March. http:/www.nrel.gov/docs/fy130sti/55588.pdf

WARTSILA

The duck curve shows steep ramping needs and overgeneration risk

Net load - March 31

8 GW ramp from
23% renewables

16000 1
14,000
12,000
10,000 nsk
® Yo lem | bem | %em | 12m

 wind/solar

hhps://www.caiso.com/DocumentlelexibleResourcesHelpRenewabIesAFastFacts.pdf

4 © Wartsila
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» Focus on Gas Turbines as the only sources of new-build thermal
generation

» Future Capacity chosen using Load Duration Curve (LDC) long-term
capacity expansion models (e.g., Promod, Strategist)

In CA over-generation is in part a consequence of utilities only considering
GTs/CCs, chosen based on LDC based capacity expansion modeling, leads
to

- Less flexibility than required and

- Ad hoc Resource Adequacy capacity additions to plug the flexibility holes

- Higher costs to ratepayers!

5 ©Warsils WARTSILA

Changing
Market Rules

Demand Side

Flexible ‘
Generation
Sustainable Management

Power
System .
Affordable Reliable

T Y P ———
Interconnection
Changing Energy Storage
Analytical
\ Approaches )

4
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N o - -

N ————— - - ———
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_
Market Rules
Bemand Side
Options include
- Traditional Gas-fired (GTs)
- Energy Storage Affordable

- Internal Combustion Engines (ICEs) D Yoo N

1

1

1

1

tnterconnection 1
Changing 1

Analytical :

Approaches

-------------

Gas Turbines are the Status Quo (we know outcomes using this
technology already).

Energy Storage is fairly new, evolving.

ICEs are mature, but not well-known in terms of the value they can bring
to utility systems.

This presentation will explore benefits to utility systems from “more
flexibility” using ICEs as a proxy for “more flexible generation”

7 ©wansia WARTSILA

generation”
> Modular (build in 5, 10, 20 MW increments)

» Fast (ramp rate 20 to 100% load in 40 seconds)
» Zero start cost

> 2 -5 minute start time (to full load)

» No Min-Up time (jump infout of 5 min markets), 5 min min doWn tlme.’
» Consume 10% less fuel / MWh than the most efficient GT

> Very low minimum loads (down to 20% per unit)

» Maintain high efficiency across load spectrum
»

Mature, utility-scale: Over 2.8 GW installed in the US

8  ©Wantsila WARTSILA




Historically Utilities have relied on Long Term Capacity Expansion Models
which have long been based on the “Load Duration Curve” (LDC)

- Ignores net load ramping
- Ignores impact of frequent starts/stops

- Leads to capacity choices that theoretically meet energy needs at lowest
cost, but on the ground are incapable of meeting flexibility needs

Changing
Market Rules

Demand Side
Management

o e e e i o o

‘\
[}

1 i

¥ 1

1 1

1 1

Changing 1 1

Analytical 1 }

’

9 ©Wartsia Approaches

-------------

" 'WARTSILA

State of the Art Chrono

12 leck 10
Least-squares Methed

Vintage LDC

method (ProMod,
Strategist)

LDC Builds Capacity




GTs/CCs?

ones that place proper value on flexibility?

11 © Wirtsila

1. What happens if capacity with greater flexibility installed in place of

2. What happens if more appropriate capacity expansion models used,

WARTSILA

wind & solar

. X GW New
Retwementsl GT. GTCC

Current
System
->

Next 10 — 20 years

Of the two future systems, which has

- Lowest annual Opex?
- Lowest annual CO, generation?

12 © Wartsila

Future System, X GW

new GTs, GTCCs

Future System, X GW
of ICE capacity instead
of GTs/GTCCs

WARTSILA




Allother

, : o .
Spain All have 33+% RPS % New Capacity
United Kingdom

CAISO by year 2020

All considering ~ 8% of capacity
In 2020 time-frame as new-build gas

New Build
Gas
Capacity, 8

Calculate Annual Opex (Using PLEXOS™ or similar) for future year with 8%
as ICEs vs. 8% planned buildout of GTs and GTCCs

Spain 2020 Wartsila

RedPoint, London
Imperial College**

DNV Kema**,
Energy Exemplar**

* Savings relative to Base scenario with gas engine capacity replacing simple and combined cycle gas turbines

** Contact.Joe Ferrari (Joseph Ferrari@W artsila.com) for White Papers wARTS“_A

United Kingdom 2020 3-5

CAISO 2020, 2022 4-12

" 8000 |
6000 ;
Z4000

© 2000

turbines..

» 6.0% decrease in annual ratepayer costs
> Existing CC starts ($) reduced by 20%

» Existing CC capacity factor increases (from 50% to 53%)

» System Efficiency increases, CO, generation reduced 1.1% < ®

WRTSEA

» System reliability increased- Ancillary Service shortfalls cut by 50-70%. [ %

14 © Wartsild




Assume the Utility uses Chronological long term
modeling: Compare outcomes across 10 year
horizon

Option 1: Use only GTs and GTCCs as new build
options (Base Case)

Option 2: Same as above, but include options with c @
greater flexibility (ICEs) (Flex Case) v i

Utility chosen was Southern CA Edison (SCE)
- 30 GW installed capacity (2012)

- Facing 6 GW boiler retirements

- 9 GW of transmission capacity

- Must maintain a 15% reserve margin

15 ©Wartsila WARTSILA

I

BASE FLEX Scenario, same as
Scenario Base Plus...

Aero GT, 106 MW
$1100/kW

Aero GT, 50 MW
$1200/kW

Frame GT, 210 MW
$800/kW Data defined for each Plant:

+ Full/part load heat rate (GTPRO V23)
GTCC 1x1, 300 MW + Forced outage rates, MTTR
$1250/kW s+ Start time / Start Cost
« VOM & FOM

GTCC 2x1, 600 MW Mi .
$1150/kW * Min up/down times
+ Min Stable Load

Note: $/kW indicative BUILD COSTS, based on market intelligence, w/guidance from
hitps:/Aww.wecc.biz/committees/BOD/TEPPC/External/E3_WECC_GenerationCostReport_Final.pdf

18 © Wartsila

(-[Unit size~ 10M\I\a

Unit size~ 20M\A}

WARTSILA



https://w.wecc

MW installed BASE FLEX Difference
GTCC 3,358 3,358 -
GTind 2,912 416 12 of 14 units out
GT Aero {50MW) 49 - No Aero
GT Aero (100 MW) 420 - No Aero
Waertsile 345G - 92 10 units
Wartsila 505G - 2,245 124 units
Total MW installed 6,739 6111 [ 628MWliess )
NPV, BUSD 54.3 53.4 $866 MUSD iess

Export (revenue) -3.94 - 4.30 . - 0.36
‘HPV total cost

WARTSILA

17 ©Wartsila

Key Metrics

Reduce mmmmp Sensitivities
Optimize‘ Fuel Prices
Optimizemmm e | Portfolios

,
Externalities Chrono, Gas-
Flexible ICE

Turbine-
Reduce ) Co, Hydro/ Centric Capacity

Emissions
y:

T
A more diverse pool of choices with
enhanced flexibility
; Optimizes Outcomes from Long Term
' Capacity Planning :

Analysis By:

18 ©Wartsila WARTSILA




1) I0Us may not consider technologies outside of their realm of experience

2) May not represent ICEs correctly in their modeling framework (e.g., may
specify as a 100 or 200 MW block, ignoring the fact that the plants can be
built in 10 or 20 MW increments to any size range).

3) May not parameterize ICEs correctly (e.g., common to use EPRI TAG dB for
ICE maintenance/reliability metrics, but the EPRI TAG dB is most
representative of stand-by high-speed recips, not large, medium-speed
utility-scale ICEs).

4) Use of LDC methodology in their capacity expansion modeling.
a) LDC methodology underestimates OPEX part of NPV
b) Biases capacity towards selection of CCs, which our work shows to
be sub-optimal (long term).

WARTSILA

19 © Wartsila

ENREL

Fleet Optimization Benefits from greater
flexibility were shown here using ICEs as

a proxy for “more flexible generation”. --'.

- Very little work has been done to The Value of Energy Storage for

explore this value stream Grid Applications

Paul Denholm_Jennde Jorgenson, Marnssa
Hummon, Thomas Jenkin, and David Palchek

- NREL has studied battery storage o ST
impacts on a Colorado utility, and ;’::"'M";
demonstrate similar “fleet U'S Deporrment of Energy
optimization” effects, but conclude Urwers Conpe
storage is operationally feasible but
not economical. Qur work shows the
fleet optimization effect with ICEs and
that the economics work.

- This has been demonstrated in the B e
field. i ——

WARTSILA

20  ©Wirsik 30 Aprit 2013 POWER PLANTS 2013
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Portland General Electric (Oregon, Pacific Northwest)
- 4,000 sq. mi territory

- Population ~ 1.7 million
- 25% RPS by 2025

> IRP process, independent evaluator chosen by Oregon PUC
> Renewable Integration, 200 MW flexible capacity need
> Wartsila 50SG vs. LMS100, awarded to Wartsila (Feb 2013)

> Wartsila chosen b/c it provided a greater portfolio optimization
effect.

WARTSILA

21 ©Wartsila

' Modesto

Irrigation
A = District
Water and Power

Approximately 116,000 customers

560 sq. mi. service area

656 MW Peak Load (2013)

In 2011 installed 6 x Wartsila 20V34SG
Woodland 3 Generating Station
49 MW ~ 7% of peak

WARTSILA

22 © Wartsila
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“MID has taken several steps to address the intermittency of renewable energy
resources....MID added the Woodland 3 Generating Station. The plant uses six
Wairtsilé fast-start reciprocating engines. The modular design allows the
plant to operate anywhere from 4 to 49 MW without any loss in efficiency.
The plant is capable of multiple starts and stops which makes it much more
effective at responding to intermittency issues.

Not only have the Wirtsiléd units allowed MID to maximize its usage of
renewable energy, it has optimized the efficiency of our entire generation
portfolio. Rather than turning to combined cycle for fast ramp needs, the
combined cycle plants are scheduled and operate more efficiently. These
efficiencies have led to less natural gas usage while maintaining clean air
standards and service to customers.”

Written (public) comments from Greg Salyer, MID AGM Electric Resources, to the CA Energy Commission AB1257

Natural Gas Workshop. Available at: http://docketpublic.energy.ca.gov/PublicDocuments/15-IEPR-
04/TN203375 20141125T101022 Martin Caballero Comments MID AB1257 Staff Workshop Responses.pdf

J

Fleet Optimization Effect

23 © Wartsila Validated WARTSILA

» Renewable Penetration of 15-20% will cause net load volatility.
»There are many ways to keep the lights on- Not all are “optimized”.

» If they are suboptimal
« Costs are higher than necessary for ratepayers
* Reliability is compromised

»To achieve a more optimal outcome, utilities should include the following in their
long term planning
« Chronological long term models instead of LDC (greater accuracy in OPEX)
« Include diverse mix of new-build capacity choices (not just GTs & GTCCs)
» Parameterize these resources correctly in models

»Current work shows if these recommendations are taken into account, portfolio
will be
- more efficient AFFORDABLE
- reduce ratepayer cost
- reduce CO, emissions and
- be more reliable!

SMART
POWER
SYSTEM W8

RELIABLE SUSTAINABLE WARTSILA

24 ©Wartsila
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LDC & Chronological capacity expansion:

-Energy Exemplar (PLEXOS)

-EPIS (AuroraXMP)

-Inquire of Strategist/Promod vendors regarding their plans to move beyond LDC

Modeling additional capacity types (ICEs, although same is true for other technologies)
- Energy Exemplar (they have done extensive work with ICEs)

- EPIS is beginning to parameterize models

- Ascend Analytics (has done extensive work w/ICEs in market simulations)

- Reliability/Availability data- move beyond EPRI TAG dB!

- Consult vendors for up to date performance guarantees and pricing

- White Papers and other publications (e.g., TEPPC Generation Cost Report)

- Utilities that have implemented these technologies

WARTSILA

25 © Wartsila

443 - 562 - 3478 (cell)
Joseph.Ferrari@wartsila.com

White Papers at www.energyexemplar.com ﬁndér “Commefcial Publiéations”,
“White Papers” tab,

- Incorporating Flexibility in Utility Resource Planning
- Power System Optimization by Increased Flexibility

13
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Solid decision-making e

amid major change:
How software modeling helps utility planners

Ben Thompson

CEO, EPIS, Inc.

AZCC Emerging Technologies Workshop
Arizona Corporation Commission, Phoenix, AZ
October 29, 2015

AURORAXJEP' COMPREHENSIVE POWER FORECASTING

“Practice And Feedback” :

» Lessons from Dr. Carl H. Durney, Professor of Electrical
Engineering at the University of Utah for 34 years (ret. 1997)

Intro to Circuit Theory (EE-221) in 1993
> | failed my first mid-term...now what?

v

Y

I had to learn how to practice and seek feedback
1. “You learn what you practice and only what you practice.”

2. “In order to learn, you must obtain feedback about your
work.”*

» Earned 192 / 200 or 96% on the final!
> Graduated BSEE in 1997

*Source: http://www.ece.utah.edu/~ece1000/ECE1000 CourseProc.pdf

) AZCC Emerging Technologies Workshop
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Agenda %

Intro: Who is EPIS?
Scope: What software modeling is
Benefits: What software modeling can do

EPA Clean Power Plan: example of a “live” issue with emerging software
functionality to address

Emerging Technologies: What technologies most influence the newest
software capabilities used by utility planners?

» Hardware
» General Software
¥ Utility Planning Software

Conclusions: How can stakeholders benefit?

AZCC Emerging Technologies Workshop

Established in 1997.
Independent, Employee-owned.
Focused business model: AURORAxmp.

State of the art technology, cutting edge algorithms and
world-class customer support.

Used by companies internationally including Utilities,

10/27/2015




A
Used Across the Industry FA \

- Regulators, ISOs & Traders, Research &
Utilities Planning Authorities IPPs, Developers Consultants

Redacted for publication

c AZCC Emerging Technologies Workshop

A

What is Software Modeling? 4 %

» A way to simulate electricity generation, transmission, and consumption to
provide insights to aid solid decision-making

» Scope is huge and increasing

> Control room and operations software — very detailed, real-time
systems

> Accounting, billing and customer information systems
»  Trading (short- and mid-term) and transaction platforms
»  Planning (long-term) software
» Today’s presentation primarily focuses on: a planning perspective

> Example questions: What should we build? When? What technology
to use? What’s a fair price? What is the best mix of resources for our
utility under CPP? How much would a new transmission line or
upgrade reduce congestion or our system production costs?

‘ AZCC Emerging Technologies Workshop

10/27/2015
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A
What Can Software Modeling Do? # &

»  Provide insight and quantification into impacts of various future scenarios
or potential decisions, otherwise invisible or counter-intuitive

» Type of results software models provide:

I I = R

Economic Wholesale power prices, Utility net production costs, fuel
imports/exports, usage, contract or market
new builds/retirements, purchases or sales, rates, optimal
transmission projects, resource mix, return-on-investment
upgrades

Reliability ptanning reserve margin, LOLP, avoid unserved energy

operating reserves, N-x
contingency-driven
congestion, LOLP

5 AZCC Emerging Technologies Workshop

EPA’s Clean Power Plan LA

» So many compliance options---how to compare and make the best choice?

»  Which approaches are likely to have the most cost now? Which
approaches are most likely to have the most cost later?

» How does the growth of distributed generation help with CPP compliance?
And how does it make things more difficult?

» CPP will induce many coal (and possibly other) retirements, which could
lead to new congestion. This could be addressed via a new transmission
line or a must-run generation unit---what are the trade-offs?

»  Which new generation technologies make the most sense?

» How much impact will adding pollution control technologies or increasing
EE/DSM programs have on compliance?

s AZCC Emerging Technologies Workshop




A
Recent & Emerging Technologies # W&

» Key improvements in the following areas have enabled and
are enabling the cur